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(57) ABSTRACT

An illumination control system includes a first type illumi-
nation controller which detects presence of a person in an
illumination space to be illuminated by an illumination
apparatus, the illumination apparatus being connectable to
the first type illumination controller, and a second type
illumination controller which detects brightness in the illu-
mination space, the second type illumination controller
being connected to the first type illumination controller. The
second type illumination controller derives a degree of
dimming based on the detected brightness, and notifies the
degree of dimming to the first type illumination controller.
Upon detecting the presence of a person, the first type
illumination controller controls dimming of the illumination
apparatus according to the degree of dimming notified from
the second type illumination controller.

8 Claims, 8 Drawing Sheets
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FIG.3
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1
ILLUMINATION CONTROL METHOD AND
ILLUMINATION CONTROL SYSTEM AND
ILLUMINATION SYSTEM USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Japanese Patent Appli-
cation No. 2014-221852 filed on Oct. 30, 2014, the entire
contents of which are incorporated herein by reference

TECHNICAL FIELD

The present disclosure relates to illumination control
technology, and more particularly to an illumination control
method for controlling the illumination of illumination appa-
ratuses and an illumination control system and an illumina-
tion system using the same.

BACKGROUND ART

An illumination control system has been known which is
configured so as to turn on an illumination apparatus when
it is determined that a person is present in an illumination
space based on an image captured by an image sensor. An
illumination controller included in the illumination control
system switches the mode between a first mode in which the
presence or absence of a person in the illuminated space is
detected by using the image sensor and a second mode in
which the brightness of the illumination space is detected by
using the image sensor. Therefore, in the first mode, the
illumination controller changes an ON/OFF state of the
illumination apparatus if the presence of a person is
detected, and in the second mode, the illumination controller
controls the dimming of the illumination apparatus such that
an average luminance value of the captured image falls
within in a target range (see, e.g., Japanese Unexamined
Patent Application Publication No. 2014-102909).

The illumination controller performs both the detection of
the presence of a person and the detection of the brightness
by using the image sensor. However, in each case, the setting
of the image sensor is different. In the case of detecting the
presence of a person, an amplification factor is controlled
adaptively in order for the captured image to have optimal
brightness. However, in the case of detecting the brightness,
the amplification factor is fixed in order to detect the
brightness itself of the captured image. Therefore, the detec-
tion of the presence of a person and the detection of the
brightness are not performed at the same time.

SUMMARY OF THE INVENTION

In view of the above, the present disclosure provides an
illumination control method for executing the detection of
the presence of a person and the detection of the brightness
at an arbitrary timing and an illumination control system
using the same.

According to one aspect of the present disclosure, there is
provided an illumination control system including a first
type illumination controller which detects presence of a
person in an illumination space to be illuminated by an
illumination apparatus, the illumination apparatus being
connectable to the first type illumination controller, and a
second type illumination controller which detects brightness
in the illumination space, the second type illumination
controller being connected to the first type illumination
controller. The second type illumination controller derives a
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2

degree of dimming based on the detected brightness, and
notifies the degree of dimming to the first type illumination
controller. Upon detecting the presence of a person, the first
type illumination controller controls dimming of the illumi-
nation apparatus according to the degree of dimming noti-
fied from the second type illumination controller.

According to another aspect of the present disclosure,
there is provided an illumination system including an illu-
mination apparatus, a first type illumination controller which
detects presence of a person in an illumination space to be
illuminated by an illumination apparatus, the illumination
apparatus being connectable to the first type illumination
controller, and a second type illumination controller which
detects brightness in the illumination space, the second type
illumination controller being connected to the first type
illumination controller. The second type illumination con-
troller derives a degree of dimming based on the detected
brightness, and notifies the degree of dimming to the first
type illumination controller. Upon detecting the presence of
a person, the first type illumination controller controls
dimming of the illumination apparatus according to the
degree of dimming notified from the second type illumina-
tion controller.

According to still another aspect of the present disclosure,
there is provided an illumination control method, which is
performed in an illumination control system including a first
type illumination controller connectable to an illumination
apparatus and a second type illumination controller con-
nected to the first type illumination controller, the method
including allowing the second type illumination controller to
detect brightness in an illumination space to be illuminated
by the illumination apparatus and derive a degree of dim-
ming based on the detected brightness, allowing the second
type illumination controller to notity the derived degree of
dimming to the first type illumination controller, and allow-
ing the first type illumination controller to control dimming
of the illumination apparatus according to the degree of
dimming notified from the second type illumination con-
troller upon detecting presence of a person in the illumina-
tion space.

Further, arbitrary combinations of the aforementioned
constituent elements and expressions of the present disclo-
sure may be converted into a method, an apparatus, a
system, a recording medium, and a computer program,
which are effective as embodiments of the present disclo-
sure.

According to the present disclosure, it is possible to
perform the detection of the presence of a person and the
detection of the brightness at an arbitrary timing.

BRIEF DESCRIPTION OF THE DRAWINGS

The figures depict one or more implementations in accor-
dance with the present teaching, by way of example only, not
by way of limitations. In the figures, like reference numerals
refer to the same or similar elements.

FIG. 1 shows a configuration of an illumination system
according to one embodiment of the present invention;

FIG. 2 shows another configuration of the illumination
system according to the embodiment of the present inven-
tion;

FIG. 3 shows a configuration of the illumination appara-
tus of FIG. 1;

FIG. 4 shows a configuration of the first type illumination
controller of FIG. 1;

FIG. 5 shows a configuration of the second type illumi-
nation controller of FIG. 1;
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FIG. 6 is a sequence diagram showing a procedure of a
preparation process in the illumination system of FIGS. 1
and 2;

FIG. 7 is a sequence diagram showing a procedure of a
control process in the illumination system of FIGS. 1 and 2;

FIG. 8 is a flowchart showing a procedure of the dimming
control using the first type illumination controller; and

FIG. 9 shows a configuration of an illumination controller
according to another embodiment of the present invention.

DETAILED DESCRIPTION
First Embodiment

Before describing the first embodiment of the present
invention in detail, a description will be given of the
fundamental findings.

The first embodiment of the present invention relates to an
illumination system for controlling the illumination of mul-
tiple illumination apparatuses depending on whether a per-
son is present and ambient brightness. The illumination
system is used, for example, in an office, and the multiple
illumination apparatuses are ceiling lights attached to the
ceiling. As described above, the detection of the presence of
a person and the detection of the brightness are based on an
image captured by an image sensor. Meanwhile, an image
for detecting the presence of a person and an image for
detecting the brightness are captured while changing the
setting of the image sensor. Thus, only an image for either
detection can be captured at a predetermined timing, and the
detection of the presence of a person and the detection of the
brightness cannot be performed at the same time. This
means that these processes cannot be performed at an
arbitrary timing.

Further, the illumination system may be used for various
purposes without being limited thereto.

However, in order to control the illumination system to be
suitable for the actual environment, it is preferable that the
detection of the presence of a person and the detection of the
brightness are performed at an arbitrary timing. To realize
this end, in the first embodiment, an illumination controller
for detecting the presence of a person and an illumination
controller for detecting the brightness are configured sepa-
rately. Since each illumination controller performs a single
process, the process is performed at an arbitrary timing
while preventing the configuration from being complicated.

FIG. 1 shows a configuration of an illumination system
100 according to the first embodiment of the present inven-
tion. The illumination system 100 includes a first illumina-
tion apparatus 10a, a second illumination apparatus 105, a
third illumination apparatus 10c, a fourth illumination appa-
ratus 104, a fifth illumination apparatus 10e, a sixth illumi-
nation apparatus 10/, a seventh illumination apparatus 10g,
an eighth illumination apparatus 10/, which are collectively
referred to as illumination apparatuses 10, a first type
illumination controller 12, a second type illumination con-
troller 14, and a third type illumination controller 16.
Further, a first small group 18a consists of the first illumi-
nation apparatus 10a, the second illumination apparatus 105,
the third illumination apparatus 10c, the fourth illumination
apparatus 104, the first type illumination controller 12 and
the second type illumination controller 14. A second small
group 185 consists of the fifth illumination apparatus 10e,
the sixth illumination apparatus 10f; the seventh illumination
apparatus 10g, the eighth illumination apparatus 10z, and
the third type illumination controller 16. The first small
group 184 and the second small group 186 are collectively
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referred to as small groups 18. Further, a large group 20
consists of the first small group 18« and the second small
group 185.

The illumination apparatuses 10 are equivalent to the
ceiling lights described above to illuminate an illumination
space. The illumination apparatuses 10, e.g., the first illu-
mination apparatus 10a to the fourth illumination apparatus
104, included in one small group 18 are daisy-chain con-
nected by dimming signal lines. The illumination space may
indicate a space to be illuminated by one illumination
apparatus 10, but may also indicate a space to be illuminated
by a combination of the multiple illumination apparatuses 10
included in one small group 18. In the following description,
the same term “illumination space” is used in both cases.

The first type illumination controller 12 can be connected
to illumination apparatus 10. In this case, the first type
illumination controller 12 is connected to one illumination
apparatus 10, e.g., the second illumination apparatus 105.
The connection between the illumination apparatus 10 and
the first type illumination controller 12 is also achieved by
using the dimming signal line. The first type illumination
controller 12 detects the presence of a person in the illumi-
nation space, and controls the illumination of the illumina-
tion apparatuses 10 which are daisy-chain connected. The
detection of the presence of a person and the control of
dimming will be described later.

The second type illumination controller 14 is connected to
the first type illumination controller 12 via a control signal
line. Further, since the dimming signal line is not connected
to the second type illumination controller 14, the second
type illumination controller 14 is not connected to the
illumination apparatuses 10. The second type illumination
controller 14 is installed in the vicinity of the first type
illumination controller 12, and is paired with the first type
illumination controller 12. Pairing is achieved by sending
the address of the second type illumination controller 14,
which is intended to be paired with the first type illumination
controller 12, to the first type illumination controller 12 by
using a remote control, or in the opposite way, by sending
the address of the first type illumination controller 12 to the
second type illumination controller 14 by using a remote
control. Alternatively, pairing may be achieved by using a
short-range wireless communication system allowing the
first type illumination controller 12 and the second type
illumination controller 14 to exchange information with
each other.

The second type illumination controller 14 detects the
brightness in the illumination space. In this case, the illu-
mination space is substantially the same as the illumination
space on which detection is performed by the first type
illumination controller 12. Hereinafter, in order to facilitate
the explanation, the illumination spaces on which both
detections are performed are assumed to be identical to each
other. The second type illumination controller 14 determines
the correction amount such that the illuminance of the
illumination space is substantially constant based on the
detected brightness, e.g., the amount of external light, and
transmits the correction amount to the first type illumination
controller 12. This process will be described later.

The third type illumination controller 16 may be con-
nected to the other illumination apparatus 10 different from
the illumination apparatus 10 that can be connected to the
first type illumination controller 12. In this case, the third
type illumination controller 16 is connected to the sixth
illumination apparatus 10f. The third type illumination con-
troller 16 performs the same process as the first type
illumination controller 12 in the second small group 185,
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and detects the presence of a person in the other illumination
space to be illuminated by the other illumination apparatuses
10 included in the second small group 186. Unlike the first
type illumination controller 12, the third type illumination
controller 16 is not paired with the second type illumination
controller 14, but is connected to the second type illumina-
tion controller 14 via a control signal line. Therefore, the
third type illumination controller 16 receives the correction
amount from the second type illumination controller 14 and
controls the dimming of the other illumination apparatuses
10 which are daisy-chain connected. In the illumination
system 100, the first type illumination controller 12 and the
second type illumination controller 14, or the first type
illumination controller 12, the second type illumination
controller 14 and the third type illumination controller 16
may also be referred to as an illumination control system.

FIG. 2 shows another configuration of the illumination
system 100 according to the first embodiment of the present
invention. This corresponds to a configuration when the
illumination system 100 shown in FIG. 1 is deployed in an
actual office, and shows the arrangement viewed from the
ceiling surface. Since an external light window 22 is dis-
posed on the top side of the figure, external light is incident
in a direction from top to bottom on the figure. Therefore, a
first large group 20a and a second large group 205 are set
according to the distance from the external light window 22,
i.e., depending on the degree of influence of the amount of
external light. Specifically, the amount of external light in
the first large group 20a tends to be larger than the second
large group 205. Each of the first large group 20a and the
second large group 205 corresponds to the large group 20 of
FIG. 1. The first large group 20a includes a first-first small
group 18aa, a first-second small group 18ab, a first-third
small group 18ac, a first-fourth small group 18ad, a first-
fifth small group 18ae, and a first-sixth small group 18af.
Further, the second large group 204 includes a second-first
small group 18ba, a second-second small group 18bb, a
second-third small group 18bc, a second-fourth small group
18bd, a second-fitth small group 18be, and a second-sixth
small group 185/

In this case, each of the first-third small group 18ac and
the second-third small group 18bc¢ includes the first type
illumination controller 12 and the second type illumination
controller 14, and corresponds to the first small group 18a of
FIG. 1. Further, each of the other small groups 18 includes
the third type illumination controller 16, and corresponds to
the second small group 185 of FIG. 1. The four illumination
apparatuses 10 and the first type illumination controller 12
or the third type illumination controller 16 included in each
of the small groups 18 are connected by dimming signal
lines represented by dashed lines. Further, the first type
illumination controller 12, the second type illumination
controller 14 and the third type illumination controller 16 are
connected by control signal lines represented by solid lines.
The first large group 20a and the second large group 205 are
also connected to each other by control signal lines. How-
ever, in this embodiment, significant information is not
transmitted between the first large group 20a and the second
large group 204. That is, processing is independently per-
formed in each of the first large group 20a and the second
large group 20b.

FIG. 3 shows a configuration of the illumination appara-
tus 10. The illumination apparatus 10 includes a light source
30, a lighting control unit 32, a storage unit 34, and a
communication unit 36. The light source 30 may be a light
emitting diode (LED), a fluorescent lamp or the like. The
light source 30 may be provided integrally with the illumi-
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6

nation apparatus 10, and may be provided separately from
the illumination apparatus 10. Also, the illumination appa-
ratus 10 may be configured to have housings (not shown)
and configured as a group of illumination apparatuses by
providing the light source 30 in each housing.

The lighting control unit 32 controls a lighting state of the
light source 30. The lighting control unit 32 performs
ON/OFF switching control of the light source 30 and
dimming control at an instructed dimming rate according to
a control signal obtained by the communication unit 36
(which will be described later) from the first type illumina-
tion controller 12 or the third type illumination controller 16.
That is, the lighting control unit 32 turns on the dimming of
the light source 30 according to a dimming rate that is
included in the control signal from the first type illumination
controller 12 or the third type illumination controller 16. The
dimming rate is a value representing a ratio of the brightness
with respect to total lighting (100%), and can be adjusted in
a range, e.g., from 5 to 100%. The storage unit 34 stores a
unique address. The communication unit 36 is connected to
the dimming signal line and performs communication with
the first type illumination controller 12 or the third type
illumination controller 16.

This configuration may be realized by a CPU, a memory,
and other LSIs of an arbitrary computer in terms of hard-
ware, and may be realized by a program loaded into a
memory in terms of software, but FIG. 3 depicts the func-
tional blocks realized by the hardware/software collabora-
tions. Therefore, it can be understood by those skilled in the
art that these functional blocks can be realized in various
forms by not only hardware but also combinations of
hardware and software.

FIG. 4 shows a configuration of the first type illumination
controller 12. The first type illumination controller 12
includes an image sensor 40, an image processing unit 42, a
storage unit 44, a control unit 46, and a communication unit
50. The communication unit 50 includes a first communi-
cation unit 52 and a second communication unit 54. Further,
since the third type illumination controller 16 is also con-
figured similarly to the first type illumination controller 12,
a description thereof will be omitted.

The image sensor 40 has a solid-state image pickup
device in which light receiving elements are arranged two-
dimensionally, a converter for converting an output value of
each of the light receiving elements from analog data into
digital data, and an amplifier for amplifying the converted
digital value. The solid-state image pickup device is, for
example, a charge-coupled device (CCD), and a comple-
mentary metal oxide semiconductor (CMOS). Since each
light receiving element corresponds to each pixel of the
captured image, the output value of each light receiving
element becomes the pixel value of the captured image.
Therefore, as the amount of light received by the light
receiving element increases, the pixel value of the corre-
sponding pixel becomes larger.

Further, the image sensor 40 has an automatic gain control
(AGQ) circuit. The AGC circuit automatically adjusts an
amplification factor of the amplifier such that a constant
output is obtained from the amplifier even when an input of
the amplifier varies. The amplification factor is a ratio of the
average value of all the output values of the amplifier to the
average value of the output values of all the light receiving
elements. Therefore, even when the illumination space is
relatively dark, since the AGC circuit increases the ampli-
fication factor, the image sensor 40 can ensure appropriate
brightness of the captured image. Thus, the image sensor 40
generates a captured image of the illumination space in the
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solid-state image pickup device. Then, after the captured
image is converted by the converter and amplified by the
amplifier, it is outputted as image data of the captured image
to the image processing unit 42.

The image processing unit 42 performs image processing,
particularly, image processing for detecting the presence of
a person, on the captured image from the image sensor 40.
Prior to image processing, the image sensor 40 captures an
image (hereinafter, referred to as “background image™) in
the illumination space in a state where a person is absent in
the illumination space, and the storage unit 44 stores a
captured background image. The image processing unit 42
generates a difference image by calculating the difference in
pixel values between the newly captured image and the
background image for each pixel. The sum of pixel values of
the difference image when a person is present in the illu-
mination space is greater than the sum of pixel values of the
difference image when a person is absent in the illumination
space. Therefore, the image processing unit 42 retains a
threshold value, and determines that a person is present in
the illumination space if the sum of the pixel values of the
difference image is larger than the threshold value. On the
other hand, the image processing unit 42 determines that a
person is absent in the illumination space if the sum of the
pixel values of the difference image is equal to or smaller
than the threshold value. Further, the sum of the pixel values
of the difference image to be compared with the threshold
value may be the sum of the pixel values of the entire
difference image, or may be the sum of the pixel values of
a partial region of the difference image.

The first communication unit 52 is connected to the
control signal line, and performs communication with the
second type illumination controller 14. The communication
with the second type illumination controller 14 may be
performed directly, or may be performed indirectly through
another controller such as the first type illumination con-
troller 12 and the third type illumination controller 16. The
second communication unit 54 is connected to the dimming
signal line, and performs communication with the illumina-
tion apparatuses 10. The second communication unit 54
retains an address that is uniquely assigned to each of the
illumination apparatuses 10, and specifies the illumination
apparatus 10 that is a target for communication by using the
address.

The control unit 46 controls an operation, particularly,
dimming processing, of the first type illumination controller
12. In dimming processing, the illumination apparatuses 10
are controlled by executing the communication with the
second type illumination controller 14 in the first commu-
nication unit 52, or by transmitting a control signal from the
second communication unit 54 to the illumination apparatus
10. In this manner, the control unit 46 performs dimming
control at an instructed dimming rate or ON/OFF switching
control of the illumination apparatus 10 by transmitting a
control signal.

With respect to the dimming processing, a process of two
steps is defined in the second type illumination controller 14
and the third type illumination controller 16 in addition to
the first type illumination controller 12. The first step is a
preparation process, which corresponds to pre-processing
for performing the dimming control. The second step is a
control process, which corresponds to processing for actu-
ally controlling the dimming. The control unit 46 receives
OFF and ON instructions from the second type illumination
controller 14 through the first communication unit 52 in the
preparation process. Upon receiving the OFF instruction, the
control unit 46 transmits a control signal for instructing the
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illumination apparatus 10 to be turned off via the second
communication unit 54. On the other hand, upon receiving
the ON instruction, the control unit 46 transmits a control
signal for instructing the illumination apparatus 10 to be
turned on via the second communication unit 54. Also, in the
case of receiving the ON instruction, the control unit 46
sends back a value of a dimming ratio of the illumination
apparatus 10, which has been turned on, to the second type
illumination controller 14 via the first communication unit
52. In this case, since the multiple illumination apparatuses
10 are controlled by the first type illumination controller 12,
an average value (hereinafter, referred to as “average dim-
ming rate”) of the respective dimming ratios of the multiple
illumination apparatuses 10 is sent back.

In the control process, the control unit 46 receives cor-
rection amount from the second type illumination controller
14 via the first communication unit 52. Further, the correc-
tion amount is derived by the second type illumination
controller 14 to be described later, and is represented as an
luminance value indicating the amount to be adjusted in
order to approximate a current brightness level to a target
brightness level. Meanwhile, the control unit 46 checks the
determination result (i.e., whether a person has been
detected) of the image processing unit 42.

Upon detecting the presence of a person, the control unit
46 derives the dimming rate of the illumination apparatuses
10 from the received correction amount. For example, the
control unit 46 converts a unit of the correction amount from
the luminance value to the dimming ratio, and increases or
decreases the current dimming rate by the correction amount
which has been converted into the dimming rate. Further, the
control unit 46 has previously stored a table showing a
relationship between the luminance value and the dimming
rate, and uses this table for the conversion. Since the derived
dimming rate is applied to the illumination apparatuses 10
which are connected to the first type illumination controller
12, it may be referred to as “average dimming rate.” The
control unit 46 simultaneously transmits control signals
including the average dimming rate via the second commu-
nication unit 54 to the illumination apparatuses 10. Thus, the
control unit 46 simultaneously controls the dimming rates of
the illumination apparatuses 10 to approach the correction
amount from the second type illumination controller 14 if a
person is present. Further, the control unit 46 also transmits
the average dimming rate via the first communication unit
52 to the second type illumination controller 14. Meanwhile,
the control unit 46 simultaneously transmits control signals
including the OFF instruction via the second communication
unit 54 to the illumination apparatuses 10 if the presence of
a person is not detected. Accordingly, the control unit 46
simultaneously turns off the illumination apparatuses 10 if a
person is absent. The control unit 46 transmits the average
dimming rate of “0%” corresponding to turn-off via the first
communication unit 52 to the second type illumination
controller 14. Further, the transmission of the average dim-
ming rate to the second type illumination controller 14 may
be made appropriately.

As described above, the third type illumination controller
16 also performs the same operation as the first type illu-
mination controller 12. However, since the third type illu-
mination controller 16 is not paired with the second type
illumination controller 14, a process of transmitting a signal
to the second type illumination controller 14 may be omit-
ted.

FIG. 5 shows a configuration of the second type illumi-
nation controller 14. The second type illumination controller
14 includes an image sensor 60, an image processing unit 62,
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a storage unit 64, a control unit 66, and a communication
unit 68. The image processing unit 62 includes an acquiring
unit 70 for preparation, a deriving unit 72 for preparation, a
calculating unit 74, a first acquiring unit 76 and a first
deriving unit 78. The control unit 66 includes a second
acquiring unit 80, a second deriving unit 82 and a third
deriving unit 84.

The image sensor 60 is configured similarly to the image
sensor 40 described above. However, since the image sensor
60 is used to detect the brightness of the illumination space
in the image processing unit 62 to be described later,
automatic adjustment of the amplification factor of the
aforementioned AGC circuit is not performed, and the
amplification factor of the amplifier becomes a fixed value.
This is because it is impossible to detect the brightness of the
illumination space from the captured image if the brightness
of the captured image is adjusted by the AGC circuit.
Therefore, the image sensor 60 may not include the AGC
circuit, and the function of the AGC circuit may be turned
off.

The communication unit 68 is connected to the control
signal line and performs communication with the first type
illumination controller 12. The communication unit 68
transmits a signal to the third type illumination controller 16
by using the control signal line.

Hereinafter, the image processing unit 62, the storage unit
64 and the control unit 66 will be described. However, for
clarity of explanation, the preparation process and the con-
trol process will be described separately. First, the prepara-
tion process will be described. The preparation process is
performed in the absence of external light. The control unit
66 transmits the OFF instruction to the first type illumination
controller 12 and transmits the ON instruction to the third
type illumination controller 16 via the communication unit
68. Accordingly, the control unit 66 turns off the illumination
apparatuses 10 whose dimming is controlled by the first type
illumination controller 12, and turns on the other illumina-
tion apparatuses 10 whose dimming is controlled by the
third type illumination controller 16. This may be a situation
where only the illumination apparatuses 10 of the small
group 18 including the second type illumination controller
14 are turned off, and the other illumination apparatuses 10
are turned on.

In this situation, the image sensor 60 generates a captured
image of the illumination space, and outputs the captured
image as an captured preparation image to the acquiring unit
70 for preparation. The acquiring unit 70 for preparation
acquires the captured preparation image from the image
sensor 60. The deriving unit 72 for preparation calculates the
average value of the pixel values of the pixels in the captured
preparation image acquired by the acquiring unit 70 for
preparation. The average value corresponds to an artificial
light component due to the ambient illumination apparatuses
10, and has a unit of the luminance value. The deriving unit
72 for preparation stores an ambient artificial light compo-
nent “A” in the storage unit 64.

Subsequently, the control unit 66 transmits the ON
instruction to the first type illumination controller 12 and
transmits the OFF instruction to the third type illumination
controller 16 via the communication unit 68. Accordingly,
the control unit 66 turns on the illumination apparatuses 10
whose dimming is controlled by the first type illumination
controller 12, and turns off the other illumination appara-
tuses 10 whose dimming is controlled by the third type
illumination controller 16. This may be a situation where
only the illumination apparatuses 10 of the small group 18
including the second type illumination controller 14 are
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turned on, and the other illumination apparatuses 10 are
turned off. Further, in response to the ON instruction to the
first type illumination controller 12, the control unit receives
the average dimming rate from the first type illumination
controller 12 via the communication unit 68. The control
unit 66 outputs the average dimming rate to the calculating
unit 74.

In this situation, the image sensor 60 generates a captured
image of the illumination space, and outputs the captured
image to the calculating unit 74. The calculating unit 74
acquires the captured image from the image sensor 60, and
calculates the average value of the pixel values of the pixels
in the acquired captured image. The average value may be
an average luminance value. Meanwhile, the calculating unit
74 receives the average dimming rate from the control unit
66. The calculating unit 74 derives a variation of the
luminance value (hereinafter referred to as “luminance
variation”) when the dimming ratio of the illumination
apparatuses 10 is varied by 1% by dividing the average
luminance value by the average dimming rate. For example,
if the average luminance value is “200” and the average
dimming rate is “100%”, luminance variation “B” becomes
“2”. The calculating unit 74 stores the derived luminance
variation “B” in the storage unit 64.

After the preparation process has been performed, the
control process is performed in the presence of external
light. The image sensor 60 generates a captured image of the
illumination space, and outputs the captured image to the
first acquiring unit 76. The first acquiring unit 76 acquires
the captured image from the image sensor 60. The first
deriving unit 78 calculates the average value of the pixel
values of the pixels in the captured image acquired by the
first acquiring unit 76. The average value is equivalent to the
brightness in the illumination space, and has a unit of the
luminance value. The first deriving unit 78 outputs bright-
ness “C” in the illumination space to the second deriving
unit 82.

The second acquiring unit 80 receives the average dim-
ming rate from the first type illumination controller 12 via
the communication unit 68. This is an average value of the
dimming rate of the illumination apparatuses 10 whose
dimming is controlled by the first type illumination control-
ler 12. The second acquiring unit 80 outputs average dim-
ming rate “D” to the second deriving unit 82. The second
deriving unit 82 receives the average dimming rate “D” from
the second acquiring unit 80, and receives the brightness “C”
in the illumination space from the first deriving unit 78.
Further, the second deriving unit 82 extracts the ambient
artificial light component “A” and the luminance variation
“B” from the storage unit 64. The second deriving unit 82
derives external light component “E” by multiplying the
luminance variation “B” by the average dimming rate “D”
and subtracting the multiplication result and the ambient
artificial light component “A” from the brightness “C” in the
illumination space. That is, the second deriving unit 82
performs the following processing:

E=C-BxD-4

where the external light component “E” has a unit of the
luminance value. The second deriving unit 82 outputs the
external light component “E” to the third deriving unit 84.

In order for the external light component “E” from the
second deriving unit 82 to approach target value “F,” the
third deriving unit 84 derives correction amount “G” as
follows:

G=F-E
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By applying the correction amount “G,” if the external
light component “E” is lower than the target value “F,” the
dimming rate of the illumination apparatuses 10 increases,
and if the external light component “E” is greater than the
target value “F,” the dimming rate of the illumination
apparatuses 10 decreases.

The control unit 66 transmits the correction amount to the
first type illumination controller 12 and the third type
illumination controller 16 via the communication unit 68. In
a case where the first type illumination controller 12 and the
third type illumination controller 16 to which the correction
amount is transmitted are specified, the control unit 66 may
transmit the correction amount only to the corresponding
controller by using the address that is uniquely assigned to
the specified controller.

The operation of the illumination system 100 having the
above configuration will be described. FIG. 6 is a sequence
diagram showing a procedure of the preparation process in
the illumination system 100. The second type illumination
controller 14 transmits the OFF instruction to the first type
illumination controller 12 (S10), and transmits the ON
instruction to the third type illumination controller 16 (S12).
The first type illumination controller 12 turns off the illu-
mination apparatuses 10 (S14), and the third type illumina-
tion controller 16 turns on the other illumination apparatuses
10 (S16). The second type illumination controller 14 derives
the ambient artificial light component (luminance value)
(S18), and stores the derived artificial light component
(S20).

The second type illumination controller 14 transmits the
ON instruction to the first type illumination controller 12
(822), and transmits the OFF instruction to the third type
illumination controller 16 (S24). The first type illumination
controller 12 turns on the illumination apparatuses 10 (S26),
and the third type illumination controller 16 turns off the
other illumination apparatuses 10 (S28). The first type
illumination controller 12 sends back the average dimming
rate to the second type illumination controller 14 (S30). The
second type illumination controller 14 calculates the lumi-
nance variation (S32), and stores the calculated luminance
variation (S34).

FIG. 7 is a sequence diagram showing a procedure of the
control process in the illumination system 100. The second
type illumination controller 14 derives ambient brightness
(S50). The first type illumination controller 12 transmits the
average dimming rate to the second type illumination con-
troller 14 (S52), and the second type illumination controller
14 acquires the average dimming rate (S54). The second
type illumination controller 14 derives the external light
component (luminance value) (S56). The second type illu-
mination controller 14 derives the correction amount (S58).
The second type illumination controller 14 transmits the
correction amount to the first type illumination controller 12
(860), and transmits the correction amount to the third type
illumination controller 16 (S62).

FIG. 8 is a flowchart showing a procedure of the dimming
control using the first type illumination controller 12. The
control unit 46 acquires the correction amount via the first
communication unit 52 (S100). If a person is detected in the
image processing unit 42 (“Y” in S102), the control unit 46
executes the dimming control on the illumination appara-
tuses 10 at the dimming rate in which the correction amount
has been reflected (S104). If a person is not detected in the
image processing unit 42 (“N” in S102), the control unit 46
turns off the illumination apparatuses 10 (S106).

According to the embodiment of the present invention,
since the illumination controller for human detection and the
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illumination controller for brightness detection are config-
ured separately, the detection of the presence of a person and
the detection of the brightness may be performed at an
arbitrary timing. In addition, since the detection of the
presence of a person and the detection of the brightness are
performed at an arbitrary timing, the dimming can be finely
controlled. Further, since the dimming is finely controlled, it
is possible to improve the comfort and energy saving per-
formance. Moreover, since a correction value is determined
by the processing between the paired controllers, it is
possible to suppress the complexity of processing even if
two controllers are included. Further, since the third type
illumination controller which is not paired with the second
type illumination controller receives the correction amount
from the second type illumination controller and controls the
dimming, the processing can be simplified.

Further, since the external light component is derived by
subtracting the ambient artificial light component acquired
in the preparation process, a suitable correction value can
also be derived with respect to the third type illumination
controller which is not paired with the second type illumi-
nation controller. In addition, if the amount of external light
from the ambient illumination apparatuses and natural light
is large as compared with the case of the preparation process,
the large groups are dimming-controlled collectively. How-
ever, since the brightness level is corrected only for the
illumination apparatuses of the small group in which it is
determined that a person is present, it is possible to improve
the comfort and energy saving performance.

The summary of one aspect is as follows.

An illumination control system according to one aspect of
the present invention comprises:

the first type illumination controller 12 which detects
presence of a person in an illumination space to be illumi-
nated by an illumination apparatus 10, the illumination
apparatus 10 being connectable to the first type illumination
controller 12; and

the second type illumination controller 14 which detects
brightness in the illumination space, the second type illu-
mination controller 14 being connected to the first type
illumination controller 12.

The second type illumination controller 14 derives the
degree of dimming based on the detected brightness, and
notifies the degree of dimming to the first type illumination
controller 12.

Upon detecting the presence of a person, the first type
illumination controller 12 controls the dimming of the
illumination apparatus 10 according to the degree of dim-
ming notified from the second type illumination controller
14.

The illumination control system may further comprise the
third type illumination controller 16 which detects presence
of a person in another illumination space to be illuminated
by another illumination apparatus 10, the another illumina-
tion apparatus 10 being connected to the third type illumi-
nation controller 16, the third type illumination controller 16
being connected to the second type illumination controller
14, and the another illumination apparatus 10 being different
from the illumination apparatus 10.

The second type illumination controller 14 notifies the
degree of dimming to the third type illumination controller
16.

Upon detecting the presence of a person, the third type
illumination controller 16 may control the dimming of the
another illumination apparatus 10 according to the degree of
dimming notified from the second type illumination con-
troller 14.
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The second type illumination controller 14 may comprise:

the image sensor 60 configured to capture the illumination
space;

the first acquiring unit 76 which acquires a captured
image from the image sensor 60;

the first deriving unit 78 which derives a luminance value
as the brightness in the illumination space from the captured
image acquired by the first acquiring unit 76;

the second acquiring unit 80 which acquires a dimming
rate of the illumination apparatus 10 whose dimming is
controlled by the first type illumination controller 12;

the storage unit 64 which stores a luminance variation
when varying the dimming rate of the illumination apparatus
whose dimming is controlled by the first type illumination
controller 12;

the second deriving unit 82 which derives an external
light component by multiplying the luminance variation
stored in the storage unit 64 by the dimming rate acquired by
the second acquiring unit 80 and subtracting the multipli-
cation result from the luminance value derived by the first
deriving unit 78; and

the third deriving unit 84 which derives the degree of
dimming based on the external light component derived by
the second deriving unit 82.

The second type illumination controller 14 may comprise:

the image sensor 60 configured to capture the illumination
space;

the acquiring unit 70 for preparation which acquires a
captured preparation image from the image sensor 60 when
turning off the illumination apparatus 10 whose dimming is
controlled by the first type illumination controller 12 and
turning on another illumination apparatus 10 whose dim-
ming is controlled by the third type illumination controller
16;

the deriving unit 72 for preparation which derives an
ambient artificial light component from the captured prepa-
ration image acquired by the acquiring unit 70 for prepara-
tion;

the first acquiring unit 76 which acquires a captured
image from the image sensor 60;

the first deriving unit 78 which derives a luminance value
as the brightness in the illumination space from the captured
image acquired by the first acquiring unit 76;

the second acquiring unit 80 which acquires a dimming
rate of the illumination apparatus 10 whose dimming is
controlled by the first type illumination controller 12;

the storage unit 64 which stores the ambient artificial light
component derived by the deriving unit 72 for preparation
and the luminance variation when varying the dimming rate
of the illumination apparatus 10 whose dimming is con-
trolled by the first type illumination controller 12;

the second deriving unit 82 which derives an external
light component by multiplying the luminance variation
stored in the storage unit 64 by the dimming rate acquired by
the second acquiring unit 80 and subtracting the multipli-
cation result and the ambient artificial light component
stored in the storage unit 64 from the luminance value
derived by the first deriving unit 78; and

the third deriving unit 84 which derives the degree of
dimming based on the external light component derived by
the second deriving unit 82.

The illumination system 100 according to another aspect
of the present invention comprises:

the illumination apparatus 10;

the first type illumination controller 12 which detects
presence of a person in an illumination space to be illumi-
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nated by an illumination apparatus 10, the illumination
apparatus 10 being connectable to the first type illumination
controller 12; and

the second type illumination controller 14 which detects
brightness in the illumination space, the second type illu-
mination controller 14 being connected to the first type
illumination controller 12.

The second type illumination controller 14 derives the
degree of dimming based on the detected brightness, and
notifies the degree of dimming to the first type illumination
controller 12.

Upon detecting the presence of a person, the first type
illumination controller 12 controls the dimming of the
illumination apparatus 10 according to the degree of dim-
ming notified from the second type illumination controller
14.

An illumination control method according to still another
aspect of the present invention, which is performed in an
illumination control system including the first type illumi-
nation controller 12 connectable to the illumination appa-
ratus 10 and the second type illumination controller 14
connected to the first type illumination controller 12, the
method comprises:

allowing the second type illumination controller 14 to
detect the brightness in the illumination space to be illumi-
nated by the illumination apparatus 10 and derive the degree
of dimming based on the detected brightness;

allowing the second type illumination controller 14 to
notify the derived degree of dimming to the first type
illumination controller 12; and

allowing the first type illumination controller 12 to control
the dimming of the illumination apparatus 10 according to
the degree of dimming notified from the second type illu-
mination controller 14 upon detecting the presence of a
person in the illumination space.

Second Embodiment

The second embodiment relates to an illumination system
for controlling the illumination of the illumination appara-
tuses similarly to the first embodiment. In the first embodi-
ment, the first type illumination controller and the second
type illumination controller are configured as the respective
controllers having different functions. The second embodi-
ment is configured as an illumination controller having both
of these functions. The illumination controller operates as
the first type illumination controller if it is connected to the
illumination apparatuses, and operates as the second type
illumination controller if it is not connected to the illumi-
nation apparatuses. The illumination system 100 and the
illumination apparatuses 10 according to the second embodi-
ment are of the same type as in FIGS. 1 to 3. In this case,
a description will be given focusing on differences from the
first embodiment.

FIG. 9 shows a configuration of an illumination controller
200 according to the second embodiment of the present
invention. The illumination controller 200 includes a com-
munication unit 210, a determination unit 212, and a pro-
cessing unit 214. Also, the communication unit 210 includes
a first communication unit 216 and a second communication
unit 218. The processing unit 214 includes a first type
illumination control processor 220, a second type illumina-
tion control processor 222, and a third type illumination
control processor 224.

The first communication unit 216 corresponds to the first
communication unit 52 of FIG. 4 and the communication
unit 68 of FIG. 5, and the second communication unit 218



US 9,480,128 B2

15

corresponds to the second communication unit 54 of FIG. 4.
The first type illumination control processor 220 and the
third type illumination control processor 224 correspond to
the image sensor 40, the image processing unit 42, the
storage unit 44 and the control unit 46 of FI1G. 4. The second
type illumination control processor 222 corresponds to the
image sensor 60, the image processing unit 62, the storage
unit 64 and the control unit 66 of FIG. 5. The constituent
elements included in the first type illumination control
processor 220 to the third type illumination control proces-
sor 224 may be shared if possible. For example, the solid-
state image pickup device included in the image sensor 40
and the image sensor 60 may be shared. Thus, at least the
function of the first type illumination controller 12 and the
function of the second type illumination controller 14 are
mounted on one illumination controller 200. It is regarded as
that the first type illumination controller 12 and the second
type illumination controller 14 are included in (e.g., inte-
grated into) the illumination controller 200 (e.g., common
illumination controller).

The determination unit 212 checks a connection state of
the communication unit 210, and selects the operation of one
of the first type illumination control processor 220 to the
third type illumination control processor 224 according to
the connection state. If the second communication unit 218
is not connected to the dimming signal line while the first
communication unit 216 is connected to the control signal
line, the determination unit 212 selects the operation of the
second type illumination control processor 222. In a case
where the first communication unit 216 is connected to the
control signal line and the second communication unit 218
is connected to the dimming signal line, if the pairing with
the second type illumination controller 14 is established, the
determination unit 212 selects an operation of the first type
illumination control processor 220. In a case where the first
communication unit 216 is connected to the control signal
line and the second communication unit 218 is connected to
the dimming signal line, if the pairing with the second type
illumination controller 14 is not established, the determina-
tion unit 212 selects an operation of the third type illumi-
nation control processor 224. Thus, the illumination con-
troller 200 performs a function of the first type illumination
controller 12 or the third type illumination controller 16 if it
is connected to the illumination apparatuses 10, and per-
forms a function of the second type illumination controller
14 if it is not connected to the illumination apparatuses 10.
It is regarded as that the illumination controller 200 (e.g.,
common illumination controller) functions as the first type
illumination controller 12 when being connected to the
illumination apparatuses 10, and functions as the second
type illumination controller 14 when not being connected to
the illumination apparatuses 10.

According to an embodiment of the present invention,
since the functions of plural types of illumination controllers
are incorporated in one illumination controller, it is possible
to manufacture the illumination controller of only one type.
Further, since only one type of the illumination controller is
manufactured, it is possible to improve the manufacturing
efficiency. Further, since the function to be executed is
automatically selected depending on the connection form, it
is possible to facilitate the installation.

The summary of one aspect is as follows. The function of
the first type illumination controller 12 and the function of
the second type illumination controller 14 are mounted on
one illumination controller 200.

The illumination controller 200 may perform the function
of the first type illumination controller 12 if it is connected
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to the illumination apparatuses 10, and may perform the
function of the second type illumination controller 14 if it is
not connected to the illumination apparatuses 10.

The present invention has been described based on the
embodiments. The present embodiments are exemplary, and
it would be understood by those skilled in the art that various
modifications are possible in combinations of the constituent
elements or the processing processes, and such modifica-
tions are also included in the scope of the present invention.

In the small groups 18 of the first and second embodi-
ments, daisy chain connection has been made in which the
illumination apparatuses 10 are disposed in a row from the
first type illumination controller 12 or the third type illumi-
nation controller 16. However, without being limited
thereto, for example, star connection may be made in which
the illumination apparatuses 10 are disposed around the first
type illumination controller 12 or the third type illumination
controller 16. According to this modification, it is possible to
improve the flexibility in the connection form.

In the first and second embodiments, wired communica-
tion is performed in the illumination system 100 by using the
dimming signal line and the control signal line. However,
without being limited thereto, for example, wireless com-
munication may be used for the dimming signal line and the
control signal line or either one of the dimming signal line
and the control signal line. According to this modification, it
is possible to improve the flexibility in the configuration of
the illumination system 100.

In the first and second embodiments, the second type
illumination controller 14 outputs a correction value, i.e., a
relative value from a current value. However, without being
limited thereto, for example, the second type illumination
controller 14 may output an absolute value of the dimming
ratio or the luminance value. Therefore, the absolute value
and the correction value may be the degree of dimming.
According to this modification, it is possible to improve the
flexibility in the configuration of the illumination system
100.

In the first and second embodiments, the second deriving
unit 82 uses the ambient artificial light component when
deriving the external light component. However, without
being limited thereto, for example, the second deriving unit
82 may not use the ambient artificial light component when
deriving the external light component. According to the
present embodiment, the processing can be simplified.

While the foregoing has described what are considered to
be the best mode and/or other examples, it is understood that
various modifications may be made therein and that the
subject matter disclosed herein may be implemented in
various forms and examples, and that they may be applied
in numerous applications, only some of which have been
described herein. It is intended by the following claims to
claim any and all modifications and variations that fall
within the true scope of the present teachings.

What is claimed is:

1. An illumination control system comprising:

a first type illumination controller which detects presence
of a person in an illumination space to be illuminated
by an illumination apparatus, the illumination appara-
tus being connectable to the first type illumination
controller; and

a second type illumination controller which detects
brightness in the illumination space, the second type
illumination controller being connected to the first type
illumination controller,
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wherein the second type illumination controller derives a
degree of dimming based on the detected brightness,
and notifies the degree of dimming to the first type
illumination controller,

wherein upon detecting the presence of a person, the first
type illumination controller controls dimming of the
illumination apparatus according to the degree of dim-
ming notified from the second type illumination con-
troller, and

wherein the first type illumination controller includes a
first image sensor and a first image processing unit and
the second type illumination controller includes a sec-
ond image sensor and a second image processing unit.

2. The illumination control system of claim 1, further
comprising: a third type illumination controller which
detects presence of a person in another illumination space to
be illuminated by another illumination apparatus, the
another illumination apparatus being connected to the third
type illumination controller, the third type illumination
controller being connected to the second type illumination
controller, and the another illumination apparatus being
different from the illumination apparatus,

wherein the second type illumination controller notifies
the degree of dimming to the third type illumination
controller, and

wherein upon detecting the presence of a person, the third
type illumination controller controls dimming of the
another illumination apparatus according to the degree
of dimming notified from the second type illumination
controller.

3. The illumination control system of claim 1, wherein the
second image sensor is configured to capture the illumina-
tion space,

wherein the second image processing unit comprises:

a first acquiring unit which acquires a captured image
from the second image sensor; and

a first deriving unit which derives a luminance value as
the brightness in the illumination space from the
captured image, and

wherein the second type illumination controller further
comprises:

a second acquiring unit which acquires a dimming rate
of the illumination apparatus whose dimming is
controlled by the first type illumination controller;

a storage unit which stores a luminance variation when
varying the dimming rate of the illumination appa-
ratus whose dimming is controlled by the first type
illumination controller;

a second deriving unit which derives an external light
component by multiplying the luminance variation
stored in the storage unit by the dimming rate
acquired by the second acquiring unit and subtract-
ing a multiplication result from the luminance value
derived by the first deriving unit; and

a third deriving unit which derives the degree of
dimming based on the external light component
derived by the second deriving unit.

4. The illumination control system of claim 2, wherein the
second image sensor is configured to capture the illumina-
tion space,

wherein the second image processing unit comprises:

a first acquiring unit which acquires a captured image
from the second image sensor; and

a first deriving unit which derives a luminance value as
the brightness in the illumination space from the
captured image, and

10

20

25

30

35

40

45

55

65

18

wherein the second type illumination controller further

comprises:

a second acquiring unit which acquires a dimming rate
of the illumination apparatus whose dimming is
controlled by the first type illumination controller;

a storage unit which stores a luminance variation when
varying the dimming rate of the illumination appa-
ratus whose dimming is controlled by the first type
illumination controller;

a second deriving unit which derives an external light
component by multiplying the luminance variation
stored in the storage unit by the dimming rate
acquired by the second acquiring unit and subtract-
ing a multiplication result from the luminance value
derived by the first deriving unit; and

a third deriving unit which derives the degree of
dimming based on the external light component
derived by the second deriving unit.

5. The illumination control system of claim 2, the second
image sensor is configured to capture the illumination space,

wherein the second image processing unit comprises:

an acquiring unit for preparation which acquires a
captured preparation image from the second image
sensor when turning off the illumination apparatus
whose dimming is controlled by the first type illu-
mination controller and turning on the another illu-
mination apparatus whose dimming is controlled by
the third type illumination controller;

a deriving unit for preparation which derives an ambi-
ent artificial light component from the captured
preparation image acquired by the acquiring unit for
preparation;

a first acquiring unit which acquires a captured image
from the second image sensor; and

a first deriving unit which derives a luminance value as
the brightness in the illumination space from the
captured image acquired by the first acquiring unit,

wherein the second type illumination controller further

comprises:

a second acquiring unit which acquires a dimming rate
of the illumination apparatus whose dimming is
controlled by the first type illumination controller;

a storage unit which stores the ambient artificial light
component derived by the deriving unit for prepa-
ration and a luminance variation when varying the
dimming rate of the illumination apparatus whose
dimming is controlled by the first type illumination
controller;

a second deriving unit which derives an external light
component by multiplying the luminance variation
stored in the storage unit by the dimming rate
acquired by the second acquiring unit and subtract-
ing a multiplication result and the ambient artificial
light component stored in the storage unit from the
luminance value derived by the first deriving unit;
and

a third deriving unit which derives the degree of
dimming based on the external light component
derived by the second deriving unit.

6. The illumination control system of claim 1, wherein the
first type illumination controller and the second type illu-
mination controller are included in a common illumination
controller, and

wherein the common illumination controller functions as

the first type illumination controller when being con-

nected to the illumination apparatus, and functions as
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the second type illumination controller when not being
connected to the illumination apparatus.

7. An illumination system comprising:

an illumination apparatus;

a first type illumination controller which detects presence
of a person in an illumination space to be illuminated
by an illumination apparatus, the illumination appara-
tus being connectable to the first type illumination
controller; and

a second type illumination controller which detects
brightness in the illumination space, the second type
illumination controller being connected to the first type
illumination controller,

wherein the second type illumination controller derives a
degree of dimming based on the detected brightness,
and notifies the degree of dimming to the first type
illumination controller,

wherein upon detecting the presence of a person, the first
type illumination controller controls dimming of the
illumination apparatus according to the degree of dim-
ming notified from the second type illumination con-
troller, and

wherein the first type illumination controller includes a
first image sensor and a first image processing unit and
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the second type illumination controller includes a sec-
ond image sensor and a second image processing unit.
8. An illumination control method, which is performed in
an illumination control system including a first type illumi-
nation controller connectable to an illumination apparatus
and a second type illumination controller connected to the
first type illumination controller, the method comprising:
allowing the second type illumination controller to detect
brightness in an illumination space to be illuminated by
the illumination apparatus and derive a degree of
dimming based on the detected brightness;
allowing the second type illumination controller to notify
the derived degree of dimming to the first type illumi-
nation controller; and
allowing the first type illumination controller to control
dimming of the illumination apparatus according to the
degree of dimming notified from the second type
illumination controller upon detecting presence of a
person in the illumination space,
wherein the first type illumination controller includes a
first image sensor and a first image processing unit and
the second type illumination controller includes a sec-
ond image sensor and a second image processing unit.
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